examined rabbits for differences in suseeptibility to dietary cholesterol (van Zutphen & Fox, 1977) ; testing six partially inbred strains of JAX rabbits we found indications of a correlation between the primary response to dietary cholesterol and a genetically controlled variation in hydrolytic enzymes i.e. an esterase in the blood plasma (van Zutphen & Fox, 1977) . An esterase zone (f') was present in the plasma zymogram ( Fig. J) of hyporesponding but not of hyperresponding strains. The presence or absence of Summary After a 5 week period of feeding a cholesterol-rich diet to rabbits, hyperresponders with high plasma cholesterol levels and hyporesponders witb low plasma cholesterol levels could be distinguished from normal responders. The response was found to be correlated with the esterase genotype at the Est-2 locus.
The increase in total body cholesterol was higher in hyper-than in hyporesponders. In both groups most of the accumulated dietary cholesterol was found in Illasma and liver.
Adrenal weight and plasma corticosterone levels were more increased in hyper-than in hyporespo.nders.
The cholesterol-rich diet resulted in an augmentation of liver lipase and lipoprotein lipase activities. These lipolytic activities were more increased in hyper-than in the hyporesponders.
Individual differences in response' to dietary cholesterol have been reported for the pigeon (Clarkson & Lofland, 1961; Wagner, Clarkson, Feldner & Prichard, 1973) , rat (Takeuchi, Ito & Yamamura, 1976) , rabbit ((Adams, Gaman & Feigenbaum, 1972; Roberts, West, Redgrave & Smith, 1974; van Zutphen & Fox, 1977) and several monkey species (Loftland, Clarkson & Bullock, 1970; Eggen, 1976; Parks, Lehner, St Clair & Loftland, 1977) . Hyperresponders (with high plasma cholesterol levels) and hyporesponders (with low levels) can be distinguished within each of these species. The mechanism that controls this response is not well understood (Clarkson, Loftland, Bullock & Goodman, 1971; Loftland. Clarkson, St Clair & Lehner, 1972; West & Roberts, 1974; Shore & Shore, 1976; Parks et al., 1977; Kushwaha & Hazzard, 1978) . A genetic basis for the difference in response has been found in several species (Clarkson et al., 1971; Adams e/ al., 1972; Imai & Matsumura, 1973; Roberts e/ al., 1974; Takeuchi et al., 1976) .
The rabbit is frequently used for the study of cholesterol metabolism.
In a previous study we 1977) . Such a genetic parameter with a predictive value for cholesterol response could be important in breeding and selecting animals for the study of cholesterol metabolism. However, the correlation between the Est-2 phenotype and the cholesterol response in the inbred strains might have been coincidental and due to uniformity within the strains tested. Additional evidence could be obtained by feeding cholesterol to non-inbred animals of different origins but genetically defined at the Est-2 locus, and testing the cholesterol response of these animals.
More information about differences in the accumulation of absorbed cholesterol in hyper-and hyporesponding rabbits, and about differences in activities of hydrolytic enzymes, might give some indication of the physiological site of action of the f' esterase.
This esterase belongs to a group of unspecific esterases found in the prealbumin region of the plasma zymogram after staining with a-naphthyl-acetate as a substrate. The physiological function of these unspecific esterases has not yet been elucidated. A correlation between the f' esterase and the response to dietary cholesterol might indicate a metabolic role. After absorption cholesterol is transported to the liver as part of lipoproteins. Enzymes known to be involved in the metabolism of plasma lipoproteins are lipoprotein lipase and heparin-releasable liver lipase. These hydrolases are present in the circulation before heparin perfusion, but their release is strongly stimulated by heparin. Lipoprotein lipase initiates the breakdown of chylomicrons and very low-density lipoproteins, whereby smaller particles poorer in triglycerides are formed. The (heparin-releasable) liver lipase may be involved in the removal of partial glycerides formed during lipoprotein lipase action.
The triglyceride-poorer intermediate and low density lipoproteins formed are largely taken up by liver cells in which non-heparin releasable glycerol ester and cholesterol ester hydrolases, some of lysosomal origin, are involved in the further breakdown of the lipoproteins (Goldstein & Brown, 1977) . Activity measurements of liver and lipoprotein lipases were undertaken to investigate a possible relationship with the non-specific r esterase.
Materials and methods

Animals
Rabbits of the Alaska, Chinchilla, New Zealand White and Vienna White strains, originally obtained from the Central Institute for: the Breeding of Laboratory Animals (CPB-TNO) Zeist, were tested for plasma esterase phenotypes (van Zutphen, 1974a, b) . Crosses were made mainly between New Zealand White and Vienna White to produce progency of known geno-van Zutphen, den Bieman, Hulsmann & Fox type with respect to the anodal f' esterase (van Zutphen et al., 1977) . From this progeny male rabbits, 6-12 months of age and from different litters, were selected with respect to their Est-2 genotype: 9 animals homozygous for Est-2 f (ff), 9 homozygous for Est-2 f ' (f'!,), and 9 heterozygous (f' f)·
Feeding
Prior to the experiment the rabbits were fed cholesterol-free pellets (diet LK 20; Hope Farms, Woerden, The Netherlands). During the test period of 5 weeks 6 rabbits of each genotype were fed the same food fortified with O· 25% cholesterol, whereas the other 3 animals of each group were kept on the stock diet. All animals were fed ad libitum and food consumption was noted. All rabbits were weighed once a week.
From pilot studies it could be concluded that a period of 5 weeks of feeding a O· 25% cholesterol diet is adequate for discrimination between hyper-and hyporesponding rabbits. The initial response can then be studied while the steady-state level has not yet been reached.
Blood collection
The rabbits were fasted and then bled from the marginal ear vein into heparinized tubes on days 0, 7, 14,21,28 and 35. Plasma was separated from the chilled blood by centrifugation, and cholesterol was determined immediately (see below). For the determination of post-heparin liver lipase and lipoprotein lipase the blood on day 35 was collected 6-10 min after injection of 200 U.1. heparin/kg bodyweight.
Electrophoresis
The plasma esterase phenotypes were determined by electrophoresis (van Zutphen, 1974a, b) .
Tissue collection
At the end of the test period 6 control animals, 6 animals with highest and 6 with lowest plasma cholesterol levels, were selected for determination of tissue and total body cholesterol. 3 animals from each group were killed by intravenous injection of sodium pentobarbitone and then frozen (-25°C) until total body cholesterol was determined.
The other animals were anaesthetized by premedication with ketamine (20 mg/kg bodyweight) followed by slow intravenous injection of sodium pentobarbitone (90 mg/kg bodyweight). Total perfusion with chilled sucrose (0· 25 M) was performed until all tissues were well blanched. At the end of the perfusion each of the liver lobes was cut to remove the remaining blood. Liver and adrenals were removed, weighed and frozen (-25°C) until use.
Chemical determinations
Cholesterol in plasma was determined by an enzymatic method described by Rosch/au, Bernt & Graber (1974) . All chemicals and enzymes used in this determination were obtained as a test combination from Boehringer Mannheim GmbH, Mannheim, FRG.
The same method was used for determination of cholesterol in lipid extracts from tissues (Patsch, Sailer & Braunsteiner, 1976) . Lipids from liver and adrenals were extracted using a method described by Folch, Lees and Sloane (1957) . After evaporation of the chloroform the lipids were redissolved in isopropanol for determination of cholesterol.
For determination of total body cholesterol the complete carcase was digested in aqueous 30% potassium hydroxide solution (2 ml/g tissue) for 7 days at room temperature. Ethanol (96%) was added to a sample of this digest in order to obtain a final concentration of 50%. The digestion was continued for I h at 90°C under reflux. After cooling to room temperature cholesterol was extracted by shaking I volume of this solution 3 times with 3 volumes of petroleum ether (b.p. 35-60°C) in separating funnels. The combined petroleum ether extracts were washed once with 1 volume of water. After evaporation of the petroleum ether the residue was redissolved in isopropanol and used for measurement of cholesterol.
Plasma corticosterone was determined according to Nicholson & Peytremann (I975) . Liver lipase activity was measured at pH 8·5 and 30°C with tri-(I-'4C) Greten & Brown (1975) . Lipoprotein lipase was measured similarly, except that O· 1 M sodium chloride solution was used and 30 lig apolipoprotein ell was added. The activities of liver and lipoprotein lipases were determined in postheparin plasma.
Free fatty acids were determined by the method of Ho (1970).
Results
The presence or absence of the f' esterase in the serum of rabbits, detected by electrophoresis and staining with a-naphthyl acetate, is determined by the alleles of the Est-2 locus (Fig. I) . Est-2 1 ' is dominant and codes for the presence of the f' esterase, while Est·]' is silent (no zone is visible in the f' region if plasma from an homozygous ff animal is being tested). Table I demonstrates the initial response in plasma cholesterol concentration in!,!, ,!'f andffrabbits fed cholesterol. The low levels in the homozygous f'f' animals and the high cholesterol levels in the homozygous ff animals accord with the results of the previous study in inbred strains. By the end of the test period the mean plasma cholesterol level of heterozygous U'f) animals was intermediate.
In Table 2 the cholesterol content of hyper-and hyporesponders is compared with that of control animals. The 12 hyper-or hyporesponding rabbits were selected from the group of 18 (Table I) Total body cholesterol content was determined in 3 rabbits from each group (hyper, hypo and control). The rest of the animals were used for adrenal and liver cholesterol determinations.
The results presented in Table 2 demonstrate that the total amount of cholesterol in hyperresponders exceeds that in hyporesponders.
If the data obtained from the sets of 3 animals are assumed to be representative it can be concluded that the increase in total body cholesterol pool is higher in the hyperresponders than in the hyporesponders, and can be ascribed mainly to increased cholesterol in plasma and liver. Table 3 compares the relationship between plasma cholesterol concentrations and the adrenals of the hyporesponding and hyperresponding animals with controls. Plasma corticosterone levels increased with plasma cholesterol concentrations and adrenal weight. The autopsy weight of the adrenals increased 2-3 fold in hyperresponders whereas this weight was just slightly increased in the hypo responders.
The cholesterol content of the adrenals increased with plasma cholesterol levels. The average content in hyperresponders exceeded the hyporesponders about 5 times, a more than lO-fold increase compared with control animals.
In 12 rabbits the relationship between the Est-2 genotype and the activity of 2 lipolytic enzymes was studied. Under normal feeding conditions no (Table 4 ). Cholesterol feeding resulted in a slight increase of activity in the hyporesponding f'f' homozygotes, whereas a 5-fold increase was observed in the hyperresponding JJ homozygotes.
On stock diet the lipoprotein lipase activity was 2-3 times higher in theJJthan in thef'f' rabbits. In both groups an elevated activity was measured after feeding the cholesterol-rich diet.
In addition to liver lipase and lipoprotein lipase activities, free fatty acid (FF A) concentrations were determined in the plasma of these 12 rabbits. On stock diet the FF A concentration in f'f' animals is about 4 times higher than in the JJ animals. After cholesterol feeding a marked increase was found in theJJanimals, whereas in the f'l' animals the concentration remained about the same.
Discussion
Cholesterol response and Est-2 genotype
In the previous study the initial response to dietary cholesterol of 6 lAX inbred strains was tested (van Zutphen & Fox, 1977) . The anodal esterase (f' or F') was absent in hyperresponding strains but present in all hyporesponders,
showing that presence or absence of the anodal esterase was correlated with the regulation of the plasma cholesterol levels during feeding a cholesterol-rich diet. However, additional data was required from unrelated, non-inbred animals of known genotype at the Est-2 locus.
In this study animals homozygous for Est-2 f reached a plasma cholesterol level of 1452 ± 242 mg/IOO ml after 5 weeks of cholesterol feeding, whereas under the same conditions the level of the Est-2f' homozygotes was 117 ± 29 mg cholesterol/ 100 ml plasma (Table I) . There was no overlap in response, and the mean response in heterozygous animals was intermediate. The genetics of the prealbumin serum esterases, including the Est-2 locus, has been described in detail by van Zutphen (1974a, b) and van Zutphen et al. (1977) . The data of the previous and present studies indicate that the Est-2 genotype has a predictive value for response to dietary cholesterol. This knowledge might be of some interest in breeding and selecting rabbits for cholesterol studies.
Cholesterol accumulation
A cholesterol-rich diet results in accumulation of cholesterol in several tissues (Ho, Eiland & Taylor, ]972; Ho, Pang. Liu, Soong & Taylor, 1974; Bitman, Wegant, Wood & Wrenn, 1976) , as well as in the blood. The increase in total body cholesterol and liver cholesterol was compared in hyper-and hyporesponding rabbits: both groups consumed about the same amount of cholesterol during the test period (Table 2) . Higher plasma, liver and total body cholesterol levels were found in the hyperresponding group. This is in accordance with the findings of West & Roberts (1974) and Massaro & Zilversmit (1977) , who suggested that increased conversion of cholesterol into bile acids is one of the controlling factors in the maintenance of relatively low plasma cholesterol levels in hyporesponding rabbits. Adams el al. (1972) thought that the hyporesponding animals were able to prevent the efflux of cholesterol from the liver into the systemic circulation, but the higher cholesterol level in the livers of the hyperresponders found in this study is not in accordance with their conclusion.
Adrenals
For a long time it has been known that the sterol content of the adrenals is significantly increased by dietary cholesterol. This leads to hypertrophy with enlargement of cells in the zona fasciculata (Forbes, Steels & Munro, 1964; Morris, Fisher & Krum, 1966; Gwynne & Hess, 1978) .
The results of this study indicate individual differences in reaction. The increment of adrenal weight, adrenal cholesterol content and plasma corticosterone level was significantly higher in the hyperresponders than in the hyporesponders (Table 3) , although the cholesterol consumption was about equal.
The physiological relationship between the response to dietary cholesterol and adrenal hyperplasia is not clear (Forbes et al., 1964; Morris et al., 1966) . A hereditary adrenal hyperplasia in the rabbit has recently been described by Fox & Crary (1978) , where the adrenals are about 10 times normal size at birth. However, this condition was lethal and in a small sample no obvious difference in serum cholesterol content between normal and affected newborn animals was found.
Liver and lipoprotein lipase activities
The response to dietary cholesterol in correlation with the Est-2 genotype (Table I) suggests a physiological function of the anodal esterase in the metabolism of absorbed cholesterol. This esterase belongs to a group of unspecific enzymes that might also possess lipase activity (Okada & Fujii, 1968) . Therefore the activities of lipolytic enzymes known to be involved in lipoprotein metabolism were measured in post-heparin plasma of a limited number of f' + and f' -animals (Table 4) : some interesting differences were found. Precholesterol lipolytic activity appeared to be higher but FF A concentration lower in the f' -plasma. Cholesterol feeding resulted in an augmentation of lipolytic activities in all rabbits and in an increased FFA concentration in the JJ but not in the f'f'
animals. There is at present no obvious explanation of these findings in relation to the f' esterase, and more animals of Est-2 genotype must be tested in order to verify these results. However, since lipolytic activity in f'-rabbits exceeded that in r + rabbits, it is not likely that the r esterase represents an enzyme with lipase activity.
The 
